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ABSTRACT
l,3-Diphehyl-l,3-butadiene 3 has been found to
rapidly undergo the Diels-Alder reaction at room temp
erature to yield 1, 3,4-triphenyl-4-styrylcyclohexene 10.
The dimer was characterized by elemental analysis,
infrared and nuclear magnetic resonance spectrosopy.
The isomeric diphenylbutadienes were of interest
as a model system to study the interaction of steric
hindrance and electronic effects in the homopolymerization
of disubstituted butadienes.
Several synthetic routes to an appropriate tosylate
for base catalyzed elimination at low temperatures to
avoid dimerization of the monomer were explored and found
unsuccessful for various reasons.
The monomer was trapped as an iron tricarbonyl
complex. This complex as well as the hydrochloride of the




The polymerization of substituted dienes is an
important area of study. Many commercial polymers are
made from conjugated dienes such as isoprene, chloroprene
and ^butadiene. A common feature of many of these monomers
is the tendency to polymerize in a variety of orientations
or modes.
The polymerization of a conjugated diene may occur
through propagation across the entire unsaturated system.
This is known as the 1,4-mode of polymerization and
results in the incorporation of double bonds into the
backbone of the resulting polymer. The double bonds
connect the two atoms previously single bonded to each
other in the center of the monomer. Alternatively, the
propagation may proceed using either original double bond
giving
1,2- or 3,4- polymerization, leaving the other
unsaturated site intact as a pendant group.
Many substituted dienes polymerize in a combination
of modes, as illustrated below, by the anionic polymer
ization of 1-phenyl-1,3-butadiene 1. This monomer poly
merizes in both the 1,4- and 3,4- modes, to yield 65%
trans 1,4-, 23% cis 1,4-, and 12% 3,4-polyM 1-phenyl-
1,3^-butadiene) . The combination and proportions of the
modes ofrpol^merization offdifferent monomers; depends 'on













Each mode of addition contributes differently to the
backbone and side group structure of the resulting poly
mer. It is these structures that determine a polymer's
mechanical and chemical properties. Design of a polymer
with specific properties must therefore begin with an
understanding of how monomer structure determines the
overall polymer structure. Monomer structure contributes
to two main factors, steric hindrance and electronic
effects. The influence of steric hindrance and electronic
effects on the rate and orientation of the homopolymer-
ization of substituted conjugated dienes is thus of
practical importance as well as theoretical interest.
We were interested in the interaction of steric and
electronic effects in the polymerization of disubstituted
butadienes. Steric hindrance to polymerization at specific
locations in the diene is provided by bulky substituents.
Electron density is donated or withdrawn by induction and
resonance. These influences combine to govern the orien
tation and rate of polymerization by determining the energy
of activation for the different reaction modes.
In the example of eguation 1, the allylic anion which
gives rise to the observed addition products is more stable
and is formed more guickly than the anion which would be
formed by initiator attack at the other end of the monomer
molecule. This is a direct result of the presence of the
;
phenyl group, by resonance stabilization of the negative
charge onto the ring. In disubstituted butadienes, steric
hindrance may also contribute to the orientation of addition.
6
anion from attack at #4 carbon
-CH-CW^-CHa
anion from attack at #1 carbon
FIGURE 1
The isomeric diphenylbutadienes 2-5, comprise a good
model system for study of steric hindrance and electronic
effects. Each isomer presents a different pattern of
steric hindrance and electronic influence and will poly
merize at a characteristic rate with a preferred mode,
depending upon the type of initiation, temperature, and
solvent.
1, 2-diphenyl-l, 3-butadiene 2
1, 3-diphenyl-l, 3-butadiene 3
1,4-diphenyl-l, 3-butadiene 4 2, 3-diphenyl-l, 3-butadiene 5
FIGURE 2
Polymerization of each of these isomers may allow
some conclusions concerning the interaction of steric
hindrance with electronic effects during the polymerization
of this type of monomer. We were interested in a compari
ison of the polymerization of the four isomers
HISTORICAL
2, 3-Diphenyl-l, 3-butadiene 5 has been prepared by
2
Inoue, Helbig and Vogl by the seguence shown in Eguation 2.
2,3-Diphenyl-2,3-butanediol 6 was prepared by':.the photo-
lytic jpropanolic reduction of acetophenpne and dehydrated







Polymerization of 2, 3-diphenyl-l, 3-butadiene 5_ was
carried out with some interesting results. Free-radical
initiation with azoisobutyronitrile (AIBN) gave high
yields of pure l,4-poly-( 2, 3-diphenylbutadiene) 7 with
egual numbers of cis and trans double bonds.
Initiation with Ziegler-Natta catalysts or with
butyllithium gave very low yields of polymer over long
periods of time, showing this monomer to be relatively
inert to pure
anionic* initiation. Radical-ion initiation
of 2, 3-diphenyl-l, 3-butadiene 5 with sodium naphthalene
gave a 100% yield of a cross-linked polymer. Cross-
linking occurs by 1,2-addition followed by addition to
the pendant double bond. The cross-linked polymer was
insoluble whereas the 1,4-polymer was benzene soluble.
Stilbene 8 and 1,4-diphenyl-l, 3-butadiene 4 have
3 4
both resisted all attempts to homopolymerize them.
'
The steric hindrance of terminal phenyl groups, together
with the delocalizing ability of phenyl groups, determines
the reactivity of these monomers. Stilbene copolymerizes
5 . .
with styrene and it would be interesting to repeat the
same experiment with this monomer.
4 8
The remaining two isomers, 1, 2-diphenyl-l, 3-butadiene 2
and l,3-dd|3enyl-l, 3-butadiene 3 have not been studied. The
synthesis of 1, 3-diphenyl-l, 3-butadiene 3 has been attemp
ted by several workers but without success.
Herz and Lewis attempted to prepare 1, 3-diphenyl-
1, 3-butadiene 3 by the dehydration of 1,
3-diphenyl-
l-buten-3-ol 9 with p-toluenesulfonic acid. The product
isolated was not the expected diene, but a Diels-Alder
dimer identified as l,3,4-triphenyl-4-styrylcyclohexene 10.
The same authors also prepared and dehydrated 1, 3-diphenyl-
2-buten-l-ol which yielded the same product. In no
case was the monomer ic 1, 3-diphenyl-l, 3-butadiene 3
isolated and to date it is still unknown.
OBJECTIVES
The polymerization of two of the isomeric diphenyl-
butadienes has not yet been studied, so an attempt was
made to synthesize and polymerize them, beginning with
1, 3-diphenyl-l, 3-butadiene 3. The placement of the phenyl
groups is apt to play an important part in the polymer
ization of both isomers. The synthesis of 1,3-diphenyl-
1, 3-butadiene 3 was therefore to be followed by poly
merization.
The proposed synthesis of the monomer begins with
the aldol condensation of acetone and benzaldehyde to
o
give benzalacetone . 12 . Reaction of benzalacetone with
either phenyllithium or phenylmagnesium bromide gives
g
1, 3-diphenyl-l-buten-3-ol 9 . Dehydration of the alcohol













Polymerization of the monomer with free-radical or
anionic initiators was planned. Analysis of the polymer
can be carried out with guantitative C-13 NMR and infrared
spectroscopy.
'
Infrared spectroscopy can distinguish
between the types of double bonds left after polymer-
ization, whether as pendant groups or in the chain
backbone. Carbon-13 NMR is a sensitive tool to measure
the proportion of chain-cis and chain-trans double bonds
in the polymer .
RESULTS AND DISCUSSION
The reaction sequence shown in equation 5 was followed
in an attempt to prepare 1, 3-diphenyl-l, 3-butadiene for
identification, characterization, and polymerization.
Benzalacetone was prepared in good yield using
benzal-
dehyde and acetone in a standard Claisen-Schmidt type
condensation. Phenyllithium and phenylmagnesium bromide
were each prepared and added to benzalacetone 12 to give
1, 3-diphenyl-l-buten-3-ol 9. The coupling reaction occurs
to form biphenyl which decreases the ultimate yield of the
sequence unless allowed for by a theoretical excess of the
organometallic reagent.
The major product of the reaction between benzalacet
one 1_2 and either phenyllithium or phenylmagnesium bromide
is the desired 1, 3-diphenyl-l-buten-3-ol 9. A significant
by-product .however , is the 1,4-addition product, 1,1-di-
phenyl-3-butanone This is formed in about 12% yield
with the Grignard reagent and causes difficulties in a
13
direct crystallization of the alcohol. Cope, Wick and
Fawcett used vacuum distillation to isolate the alcohol in
14
high yields. We followed their procedure, but the only
product obtained was a dimeric material. The vacuum and
slight heat was enough to dehydrate the alcohol in our
hands. The 1, 3-diphenyl-l-buten-3-ol 9 was isolated by
crystallization at very low temperature in about 25% yield.
10
l,3-Diphenyl-l-buten-3-ol 9 was guickly dehydrated
by HC1 in methylene chloride to an essentially guantitative
yield of the same dimeric material obtained from the
distillation attempts. This dimer was identified using
spectroscopic techniques. The immediate product of the
dehydration, 1, 3-diphenyl-l , 3-butadiene could form a
Diels-Alder dimer in any of four possible orientations.
15 16
11
Structures 10 and JL6 are theoretically favored because
the transition states for both isomers place opposite
allylic partial charges adjacent to each other, a condition
15
which favors the Diels-Alder reaction. The dimer was
identified using several types of spectroscopic analysis.
The infrared spectrum of Figure 3 shows absorptions due
to aliphetic carbon-hydrogen stretches, which would not
be present in 1, 3-diphenyl-l, 3-butadiene 3. This was the
first indication that the product of the dehydration of
l,3-diphenyl-l-buten-3-ol 9 was not the free monomer. The
infrared spectrum of the dimer also shows a strong absorp
tion at 970 which is an indication of a trans-disub-
stituted double bond. This fact would suggest that the
structures
and"1
16 are not the correct ones for the
dimer, which leaves structures 10 and as possibilities.
Confirmation of the above division into two likely
and two impossible structures for the dimer comes from
the proton nuclear magnetic resonance spectrum in Figure.
4. The integration of the proton signals shows one benzyl ic
.
and four aliphetic protons, as in structures 10 and 15.
Dimeric structures 1_4 and would each show three aliph
atic and two benzyl ic protons.
Another technique at our disposal was carbon-13
nuclear magnetic resonance 'spectroscopy . The normal carbon
spectrum in Figure 5 shows four carbons in the aliphatic
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Figure 6 was run to allow coupling between the protons and
the carbons to which they were bonded. This spectrum
indicated that there were two secondary carbons, one
tertiary and one guaternary carbon in the aliphatic part
of the molecule. This combination of carbon atoms in the
aliphatic region of the carbon spectrum, unequivocally
established 10 and 15 as the only possible structures for
the dimer. .,
The task was thus reduced to choosing between 10
and J15_. A proton nuclear magnetic resonance spectrum
with the single benzylic proton selectively decoupled
from the other protons in the molecule was obtained .
This caused an expected change in the splitting of the
olefinic protons. The signal from one of the olefinic
protons was no longer split by the benzylic proton, but
appeared as a singlet. More important, no change was
observed in the aliphatic region, indicating that the
benzylic proton had no aliphatic neighbors. This rules
out all of the structures but that of 1, 3,4-triphenyl-
4-styrylcyclohexene The evidence from the 'spectra is
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TABLE 1. The Spectroscopic Evidence for the
Identification of the Diels-Alder dimer.
FIGURE SPECTRUM FEATURE IMPORTANCE
3 IR absorption, trans-disubstituted
at 970 cm double bond
4 proton NMR proton one benzylic, four
integration aliphatic protons
5 C-13 NMR aliphatic four aliphatic
carbons carbon signals
ORD C-13 aliphatic one quaternary
NMR carbons carbon
decoupled proton benzylic proton has
proton NMR splitting no aliphatic neighbors
The Diels-Alder dimer of :< ;?3-diphenyl-l,3-bUtadiene 3
was therefore identified as 1, 3,4-triphenyl-4-styrylcyclo-
hexene 10. Since this dimer was the only product isolated
from the dehydration of 1 ,3-diphenyl-l-buten-3-ol 9,
several possible alternate routes to the desired monomer
were attempted .
The Diels-Alder reaction is reversible for many
adducts.
'
The retro Diels-Alder may yield the monomer
just as cyclopentadiene may be obtained from the thermal
18
decomposition of dicyclopentadiene . Attempts were made
to^cr^ack the dimer by heating a sample under vacuum, and
then'
by heating under a nitrogen atmosphere at a higher
't .. . ,
temperature. H in. both experimental cases, the dimer simply
sublimed
to- the coldf inger without decomposing. The




quite high, indicating that a high rate of heating
would be needed to free the monomer. Since the facilities
to perform such a flash pyrolysis were not available,
direct preparation of the monomer by other means was tried.
The dehydration of alcohols in attempts to prepare
1, 3-diphenyl-l, 3-butadiene 3 have all been carried out in
acidic media. Dimer ic material was the result in every
case. The second
approach"
to the synthesis was to attempt
the preparation of an appropriate tosylate ester which
may be detosylated under basic conditions to give free
1, 3-diphenyl-l, 3-butadiene 3. Since dimer ization occurs
more rapidly at elevated temperatures, the detosyiation ,
may be done in the cold. Several methods to prepare a
tosylate were proposed and attempted.
Equation 6 illustrates the proposed preparation of a
19
tosylate from 1, 3-diphenyl-l-buten-3-ol 9. The sodium
salt of the alcohol is first prepared with sodium hydride
followed by reaction with tosyl chloride. Tertiary
tosylate s are unknown, but this sequence has been used











,-The l,3-diphenyl-l^buten-3-ol 9 was treated with
sodium hydride to yield the sodium alcoholate, to which
was added the tosyl chloride.
Equation 7 illustrates a more direct route to the
tosylate using the reaction between tosyl chloride and
the lithium salt of the alcohol which is formed in the
reaction of phenyllithium with benzalacetone Tosyl





In both reactions, the tosyl chloride failed to
react with the salts of the alcohol. Steric hindrance
probably prevented reaction from occurring, and the work
up products were 1 ,
3-diphenyl-l-buten-3-ol 9 and tosyl
chloride. Since the base-catalyzed elimination was not
possible, we turned to the preparation of another tosylate,
The synthesis of a primary tosylate was planned to
avoid the type of difficulties encountered in the previous
attempted synthesis. Since 2,4-diphenyl-3-buten-l-ol
is a primary alcohol, it may lead to 1, 3-diphenyl-l, 3-
butadiene 3 through tosylation and base-catalyzed elimin-
21
at ion. Preparation of the alcohol was proposed via the










Benzalacetophenone 19 was reduced with sodium
borohydride in agueous alcohol to 1, 3-diphenyl-l-propen-3-






with the carbonyl decreased the rate of reaction.
Benzbphenone , for example, is reduced in a few seconds,
whereas a reaction period of two hours was necessary to
21
give a 66% yield of 1, 3-diphenyl-l-propen-3-ol 20.
After reduction;
with"
sodium borohydride, the alcohol
was converted to 1, 3-diphenyl*3-chloro-l-propene 21. This
chloride has been prepared in low yields by treating
22
l,3-diphenyl-l-propen-3-ol 20 with thionyl chloride and
triethylamino hydrochloride in boiling chloroform for
twelve hours. A much faster and neater synthesis was
achieved by taking advantage of the symmetry of the
i;.3-"diphenylallyl cation. It was found that treatment
of l,3-diphenyl-l-propen-3-ol 20 with concentrated HC1
smoothly yielded the chloride in ten seconds at room
temperature .
The next step in the sequence was the reaction of
magnesium with 1, 3-diphenyl-3-chloro-l-propene 2_1 to give
the'
Grignard reagent 1, 3-diphenyl-l-propenyl-3-magne sium
chloride 2_2, followed by formaldehyde addition and then
hydrolysis to complete the synthesis of 2,4-diphenyl-
3-buten-l-ol Unfortunately, the Grignard which was
formed then reacted with additional chloride to give
l,3,4,6-tetraphenyl-l,5-hexadiene 23, as shown next.
21
EQUATION 9
This common coupling reaction occurs exclusively
22
because of 'the stability of the diphenylallyl radical.
23
A historical antecedent of the Grignard reagents and
reaction is the Barbier synthesis, in which an;, alkyl or
aryl halide is added to an etheral solution of the carbonyl
compound in the presence of magnesium. An attempt to pre
pare the alcphol by adding 1, 3-diphenyl-3-chloro-l-
propene 2JL to an etheral solution of paraformaldehyde
With magnesium failed to produce a reaction. Addition
of a test-tube system of l,3-diphenyl-3-chloro-l-propene 2_1
reacting with magnesium resulted in guenching of the react
ion. In addition, the chloride 21_, which reacted guite
vigorously with magnesium, was inert to lithium. Direct
preparation of 2,4-diphenyl-3-buten-l-ol was therefore
not aceomp 1 ished .
The above reaction scheme was modified to use the
23
reaction of Grignard reagents with carbon dioxide.
Ordinarily, the reagent is poured over a block of dry ice
to keep carbon dioxide in excess, to avoid addition of
two molecules of the reagent, resulting in a ketone.
Because of the fast coupling reaction in this case, it
was necessary to attempt the preparation of the Grignard








1, 3-Diphenyl-3-chloro-l-propene was added to
magnesium in ether under a carbon dioxide atmosphere with
the intention of forming 2,4-diphenyl-3-butenoic acid 24
to be reduced to 2,4-diphenyl-3-buten-l-ol 18 with lithium
24
aluminum hydride. in practice, the addition of
1,3-
diphenyl-l-propenyl-3-magnesium chloride 2^ to carbon
dioxide occurred twice, to give 1, 3,5, 7-tetraphenyl-l, 6-
heptadiene-4-one 25 . as shown in equation 11.
+ c0<J2r^>
EQUATION 11
Since these efforts to make 2,4-diphenyl-3-buten-












A solution of 1, 3-diphenyl-l-propen-3-ol 2K) with a
catalytic amount of sulfuric acid in methanol was stirred
at room temperature to give an 85% yield of 1,3-diphenyl-
3-methoxy-l-propene 26. This ether was cleaved with
metallic sodium to form the cherry red 1,
3-diphenyl-
25
propenyl sodium 27. Addition of formaldehyde followed
with the intention of forming 2,4-diphenyl-3-buten-l-ol 18.
The anticipated alcohol was not isolated, however, when
work-up under mild conditions caused dehydration and
subsequent dimer formation.
Since none of the attempts to prepare an alcohol
tosylate for base-catalyzed elimination was successful,
we were unable to attempt the final step in the prepar
ation of the target molecule, 1, 3-diphenyl-l, 3-butadiene 3.
A free monomer was desired, so the following
synthesis was undertaken. By analogy to the case of
cyclobutadiene, whose anti-aromaticity makes the react
ivity of the molecule too great for isolation at ordinary
temperatures, we decided to prepare an iron tricarbonyl







Iron pentacarbonyl and 1, 3-diphenyl-l-buten-3-ol 9
were refluxed in a high-boiling etheral solvent. Nothing
additional was needed to dehydrate the alcohol. The
infrared spectrum of the product indicated that a complex
was indeed formed, %>y the absorptions at 2000 and 2050
1 98
cm . The pale yellow complex 28 was easily air
oxidized, yielding dimer and iron oxide. The complex 28
also appeared unstable to room lights, breaking down in
a short time in sealed containers under nitrogen and again
giving the dimer.
A solution of the complex 28_ in methylene chloride,
when treated with hydrochloric>acid, gave an intense
29
green solution, probably a hydrochloride. This compound
was stable to light under nitrogen, but was also very
susceptible to air oxidation. Due to their instability,
purification to obtain clean nuclear magnetic resonance
spectra of the two complexes was not achieved.
27
CONCLUSIONS
1,3-Diphenyl-l, 3-butadiene 3 was formed by the
dehydration of both 1, 3-diphenyl-l-buten-3-ol 9 and
2,4-diphenyl-3-buten-l-ol 18. - The diene quickly
dimer-
izes at room temperature to give 1, 3,4-triphenyl-4-styryl-
cylcohexene 10. The Diels-Alder dimer was identified
by elemental analysis and infrared and several nuclear
magnetic resonance spectra.
.;.: The tosylate of 1, 3-diphenyl-l-buten-3-ol 9 could
not be prepared by the procedure used because of steric
hindrance .
1, 3-Diphenyl-3-chloro-l-propene was readily
prepared in good yields at room temperature from
1, 3-diphenyl-l-propen^3-ol 2_0 and hydrochloric acid.
1, 3-Diphenyl-l-propenylmagnesium chloride 22 was found
to be too reactive to both 1, 3-diphenyl-3-chloro-l-propene
21 and carbon dioxide for use in the preparation of
2,4-diphenyl-3-buten-l-ol 18.
l,3-Diphenyl-l-buten-3-ol 9 was found to react with
iron pentacarbonyl to form an iron tricarbonyl complex
which was easily air oxidized and also apparently was
sensitive to fluorescent lights. The 1, 3-diphenyl-
1, 3-butadiene iron tricarbonyl complex 28 was found to
react with hydrochloric acid to form a hydrochloride which




Analyses: All elemental analyses were done by Baron
Consulting Company, Orange, Connecticut
Infrared Spectra: All IR spectra were done on a Perkin-
Elmer 257 Spectrophotometer in carbon tetra
chloride solution versus a carbon tetrachloride
blank except where noted otherwise.
Nuclear Magnetic Resonance Spectra: All normal proton
NMR spectra were run on a Hitachi-Perkin-
Elmer R-20 in carbon tetrachloride solution.
Peak areas were obtained by instrumental
integration. The dimer spectra were run on a
Brucker WP-80 Fourier transform spectrophotometer.
Melting Points: All melting points were obtained on a





A. Preparation of benzalacetone.
In a 2-1. three-necked flask set in an ice-water
bath and eguipped with a thermometer, 125-ml. addition
funnel, and reflux condenser was placed 318 grams
(5.5 moles) acetone, 210 grams (2.0 moles) benzaldehyde
and 200 ml. of water. In the addition funnel was placed
50 ml. of 10% aqueous sodium hydroxide chilled to 10.
The flask contents were chilled to
20
and stirred via
magnetic stirrer. The sodium hydroxide solution was
added, at a rate which kept the reaction flask contents
between 20-30 . After addition of the base, the ice-
water bath was, removed and the soluiton was stirred for
two, hours at room temperature. The solution was then
made slightly acidic with dilute hydrochloric acid.
The contents of the flask were transferred to a one-
liter separatory funnel, the layers separated, and the
aqueous layer was extracted with 50 ml... hexane. The
hexane was combined with the organic layer, and the
solution was extracted with 100 ml. of distilled water.
Solvent was removed and the product was distilled at 150-
155
at 20 mm. The yield was 192.5 grams of benzalacet
one or 66% of theoretical. An IR of the product was
identical with a standard spectrum.
30
31
B. Preparation of 1, 3-diphenyl-l-buten-3-ol 9.
32
1. Preparation with phenyllithium.
In a 500-ml . three-necked flask equipped with a
reflux condenser, two 250-ml . addition funnels, magnetic
stirrer, and nitrogen atmosphere was placed 6.9 grams
(1.0 mole) lithium and 100 m. anhydrous ether. In one
addition funnel was placed 78 grams (.5 mole)
bromo-
benzene in 100 ml. anhydrous ether and in the other was
placed 48 grams (.33 mole) benzalacetone in 100 ml. of
anhydrous ether .
About 10 ml. of the bromobenzene solution was 'added
in one portion to initiate reaction, resulting in reflux
of the ether. The rest of the solution was added
drop-
wise over 2h hours with stirring and continued reflux,
to yield a dark red solution of phenyllithium.
The benzalacetone solution was added drop-wise over
1*5 hours, the solution was poured into 300 ml. of
ice-
water after stirring for ^ hour. The layers were separ
ated and the aqueous layer was extracted with 100 ml. of
ether. The combined ether layers were extracted with
200 ml. saturated sodium bisulfite, decolorized with
charcoal, dried with magnesium sulfate
and filtered.
The solvent was removed under vacuum, and the product
was crystallized from hexane. The yield of 1, 3-diphenyl-
l-buten-3-ol 9 with i
(20% of theoretical)
melting point 57-58 was 15 grams
31
Characterization was done with IR (Fig. 8) and NMR
(Fig. 9) spectroscopy.
,-Anal. Calculated for C.,6H160: C, 85.68% H, 7.19%
Found: C, 85.39% H, 7.24%
.33
2. Preparation with phenylmagnesium bromide.
In a 3-1 . three-necked flask equipped with a reflux
condenaer, two addition funnels, magnetic stirrer, and
nitrogen atmosphere was placed 24.3 grams (1.00 mole)
magnesium and 250 ml. anhydrous ether. In one addition
funnel was placed 116 grams (.750 mole) bromobenzene in
250 ml. anhydrous ether, and in the other was placed 73
grams (0.5 mole) benzalacetone in 250 ml. anhydrous ether,
About lCb-ml. of the bromobenzene solution was added
in one portion followed by a small grain of iodine to
initiate reaction. After initiation, the rest of the
solution was added drop-wise over 4 hours with continued
stirring and reflux to yield a solution of phenylmag
nesium bromide.
The benzalacetone solution was added drop-wise over
2% hours, the solution .was stirred for an additional hour
and was then hydrolyzed with asolution of 53.5 grams
(1.00 mole) ammonium chloride in 500 ml. water. The
layers were separated and the ether layer was extracted
with 300 ml. saturated sodium bisulfite, decolorized







































The solvent was removed under vacuum and the product
was crystallized from hexane. The yield of 1, 3-diphenyl-




C. Dehydration of 1, 3-diphenyl-l-buten-3-ol 9.
In a 250-ml. flask was placed 10 grams (.05 mole)
l,3-diphenyl-l-buten-3-ol 9, 100 ml. methylene chloride
and 1 ml. concentrated HC1. The solution was stirred at
room temperature for one hour. A sample of the solution
was washed with water, dried with magnesium sulfate and
an IR spectrum taken.
The IR revealed the presence of an unsaturated
hydrocarbon with aliphatic hydrogens and no alcoholic
absorption. The entire solution was washed, dried and
stripped to a white solid which was recrystallized from
petroleum ether to give 8.75 grams of the dimer of
1, 3-diphenyl-l, 3-butadiene 3. The yield of material
with melting point 136-137 was 95%. Analysis was done
with NMR and IR spectroscopy (Fig. 3-7), and elemental
analysis.
Anal. Calculated for C32H28: C, 95.5% H, 4.5%
Found: C, 95.21% H, 4.79%
35
D. Attempted pyrolysis of 1, 3,4-triphenyl-
4-styrylcyclohexene 10.
A sublimation apparatus was constructed from a
round-bottomed flask and a cold-finger. To the flask
was added 5 grams of 1, 3,4-triphenyl-4-styrylcyclohexene
10 The flask was evacuated and heated with a mantle
while the cold-finger was chilled with dry- ice and acetone
to -40 . The dimer sublimed at a flask temperature of
250 at .4 mm. The solid on the cold-finger was made
into a KBr pellet and an IR taken. The sublimed material
was found to be identical with the starting material.
A second attempt was made using a nitrogen atmosphere
and a flask temperature af 350 with the same results.
E. Attempted preparation of 1, 3-diphenyl-
l-buten-3-tosylate 17 .
In a 1-liter three-necked flask equipped with a
heating mantle, reflux condenser, magnetic stirrer, and
nitrogen atmosphere was placed 10 grams ( .045 mole)
l,3-diphenyl-l-buten-3-ol 9, 1.2 grams (.05 mole) of
sodium hydride, and 300 ml. anhydrous ether. The mixture
was stirred and heated to reflux for twelve hours. The
suspension was cooled to -20 on a dry-ice acetone bath
and 10 grams (.05 mole) p-toluenesulfonyl chloride in
100 ml. anhydrous ether was added with stirring. The
mixture was stirred for three hours while warming to room
temperature, then the suspension was filtered and recooled
to -20. No precipitate had formed in two hours. The
36
solution was warmed to room temperature, washed well with
water, dried with magnesium sulfate, and the solvent was
removed under vacuum. An IR spectrum of the product
revealed only unreacted p-toluenesulfonyl chloride and
l,3-diphenyl-l-buten-3-ol 9.
The experiment was repeated twice, first in
tetra-
hydrofuran under the same conditions, and secondly in
ether with a one hour reflux period after addition of the
p-toluenesulfonyl chloride. In all cases only starting
materials were recovered.
To a solution of the lithium salt of 1, 3-diphenyl-
l-buten-3-ol 9 was added an equivalent amount of
p-toluenesulfonyl chloride. Work-up again yielded only
the alcohol and no tosylate .
F. Reduction of benzalacetophehone 19.
In a 1-1. flask was placed 32.78 grams (.16 mole)
benzalacetophenone JL9 and 350 ml. ethanol . The mixture
was warmed on a steam bath and diltered to give a clear
solution. TO the flask was added with stirring 10 grams
sodium borohydride in 250 ml. water. The solution was
stirred at room temperature for two hours, then poured
into a 2-1. flask with 400 ml. ether and 400 ml. water.
The layers were separated and the aqueous layer was
-,:i ;
extracted with two 200-ml . portions of ether. _ The combined
ether solution was extracted with two 200-ml. portions
of saturated sodium bicarbonate, dried with magnesium
37
Sjulfate, and evaporated to a white solid. The solid was
recrystallized from hexane and chloroform to yielc} 22 grams
(66% of theoretical) of 1, 3-diphenyl-l-propen-3-ol 20 with
melting point
58-59
(lit. 57) 35. Positive identifi
cation was made with IR (Fig. 10) and NMR (Fig. 11)
spectroscopy .
Anal. Calculated for C15H140: C, 85.68% H, 6.71%
Found: C, 85.88% H, 7.00%
G. Preparation of l,3-diphenyl-3-chloro-l-propene 21.
To a 1-1. beaker containg 200 ml. concentrated HC1
was added with stirring 20 grams (.095 mole) 1, 3-diphenyl-
l-propen-3-ol The alcohol dissolved, and the product
quickly oiled out of solution. The mixture was drowned
into 400 ml. water and the mixture was extracted with 400
ml. ether. The ether solution was extracted with 200 ml.
saturated sodium bicarbonate, dried with magnesium
sulfate, and the solvent was removed under vacuum. The
residue was distilled under reduced pressure to yield 20
grams (92% of theoretical) of 1, 3-diphenyl-3-chloro-
1-propene 21. Characterization was done by IR (Fig. 12)
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H. Attempted synthesis of 2,4-diphenyl-
3-buten-l-ol 18.
1. Attempted synthesis of 1, 3-diphenyl-
l-propenyl-3-magnesium chloride 22.
In a 2-1. three-necked flask eguipped with a 'j reflux
condenser, magnetic stirrer, gas inlet tube and 250-ml.
addition funnel was placed 4.0 grams (.16 mole) mag
nesium and 250 ml* anhydrous ether. In the addition
funnel was placed 20.0 grams (.088 mole) 1 ,
3-diphenyl-
3-chloro-l-propene 2_1 and 200 ml. anhydrous ether. In a
100 ml . round-bottomed flask set in a heating mantle was
placed 12 grams (.40 mole) paraformaldehyde. The ^flasks
were connected with a nitrogen sweep line.
About 10 ml. of the 1, 3-diphenyl-3-chloro-l-propene 2\
solution was added in one portion to initiate reaction,
and the rest was added drop-wise over two hours. The
flask with the paraformaldehyde was then heated and the
vapors carried into the reaction flask. The reaction
mixture was then hydrolyzed with 10.7 grams (.20 mole)
ammonium chloride in 100 ml. of water. The layers were
separated and the aqueous layer was extracted with 100
ml. ether. The combined ether layers were extracted with
20.0 ml. saturated sodium bicarbonate, dried with magnesium
sulfate, and the ether
was removed under vacuum.
The white product was recrystallized from petro
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with IR (Fig. 14) and NMR (Fig. 15) spectroscopy.
2. Attempted synthesis with paraformaldehyde
present during reaction with magnesium.
The above procedure was modified by placing the
paraformaldehyde in the 2-1. flask before addition of the
l,3-diphenyl-3-chloro-l-propene 21. Reaction failed to
c-
.. ..
initiate, even with the addition of iodine and the
application of heat. Addition of a reacting test-tube
system resulted in quenching of the reaction.
A further attempt was made by using lithium in the
place of magnesium with the same set-up as originally.
The chloride failed to react with lithium.
I. Attempted synthesis_Qf 2,4-diphenyl-
3-butenoic acid 24.
In a 2-1. three-necked flask equipped with a reflux
condenser, magnetic stirrer, gas inlet tube and 250-ml.
addition funnel was placed 4.0 grams (.16 mole) magnesium
and 250 ml . anhydrous ether . Through the inlet tube
was admitted a stream of carbon dioxide. In the addition
funnel was placed 20 grams (.088 mole) 1, 3-diphenyl-
3-chloro-l-propene in 200 ml. anhydrous ether.
About 10 ml. of the chloride solution was added in
one portion to initiate reaction and the rest of the solu
tion was added drop-wise over four hours. The reaction
mixture was hydrolyzed with 10.7 grams ammonium chloride
in 100 ml. water. The layers
were separated and the
46
aqueous layer was extracted with 100 ml. ether.
The combined ether solution was extracted with 200
ml", saturated sodium bicarbonate, dried with magnesium
sulfate and stripped to dryness. The white product was
recrystallized from.petroleum ether to give 16.7 grams
(92% of theoretical) of 1, 3,5, 7-tetraphenyl-l, 6-hepta-
diene-4-one
_25,
characterized by IR (Fig. 16) spectrum






In a 500-ml. beaker equipped with a magnetietstirrer
was placed 50 grams (.24 mole) 1, 3-diphenyl-l-propen-3-ol
20, 250 ml. methanol and 10 ml. concentrated sulfuric
acid. The solution was stirred at room temperature for
twelve hours, then diluted with 500 ml. water. This
solution was extracted with two 250-ml. portions of ether,
then the ether was extracted with 200 ml. saturated
sodium bicarbonate, dried with magnesium sulfate, then
finally removed under vacuum. The residue was vacuum
distilled at
180
at 10 mm. to yield 45 grams (84% of
theoretical) of 1, 3-diphenyl-3-methoxy-l-propene 26.
Characterization was done with IR (Fig. 17) and NMR
(Fig. 18) spectroscopy.
Anal. Calculated for C*16H160: C, 85.68% H, 7.19%
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K. Attempted preparation of 2,4-diphenyl-
3-buten-l-ol 18.
In a 500-ml. three-necked flask eguipped with a
reflux condenser, 250-ml. addition funnel, magnetic
stirrer, and nitrogen atmosphere was placed 200 ml.
anhydrous ether.
In a 250-ml. beaker eguipped with a magnetic stirrer
was placed 20.0 grams (.089 mole) 1, 3-diphenyl-3-methoxy-
1-propene 26. To this was added 2.3 grams (.09 mole)
metallic sodium. The reaction began immediately to
yield bright red 1, 3-diphenyl-l-propenyl sodium 27.
The red solution was decanted from unreacted sodium
and added to the 500-ml. flask containing 200 ml. ether.
In the addition funnel was placed 6.0 grams (.20 mole)
paraformaldehyde in 100 ml. anhydrous ether. The form
aldehyde solution was slowly added to the flask with
stirring over one hour. The solution decolorized and,
after stirring for twelve hours, was poured into 600 ml.
of water. The layers were separated and the aqueous
layer was extracted with 200 ml. of ether. The combined
ether layers were then extracted with 200 ml. saturated
sodium bicarbonate, dried with magnesium sulfate and then
stripped to dryness under vacuum. The product was cryst
allized with petroleum ether and an IR spectrum showed
the product to be the dimer,
l,3,4-triphenyl-4-styryl-
cyclohexene 10. The yield was 14.3 grams (78% of theory).
51
L. Preparation of 1, 3-djphenyl-l, 3-butadiene
iron tricarbonyl 28 .
A 250-ml. three-necked flask was eguipped with a
reflux condenser, nitrogen atmosphere; magnetic stirrer
and heating mantle. In the flask was placed 5.0 grams
(.023 mole) 1, 3-diphenyl-l-buten-3-ol 9, 20 ml. iron
pentacarbonyl and 100 ml. metho^cyethanol . The solution
was heated to reflux with stirring for 48 hours, then
poured into 200 ml. of water. The solution was extracted
with two 100-ml. portions of ether. The ether was
extracted with 100 ml. saturated sodium bicarbonate,
dried with magnesium sulfate and stripped under vacuum.
The yellow residue was eluted on a silica gel plate ,
with petroleum ether and the yellow band was collected
and evaporated free.of ether. An IR spectrum (Fig. 19)
was taken and found to be consistent with the desired
product. An NMR spectrum was taken and found to contain
many peaks not characteristic
of 4fcher. intended product.
A second elution on a silica gel plate again showed
several peaks. The yellow color disappeared from the
carbon tetrachloride solution used to4run the IR spectrum


























































































M. Preparation of 1, 3-diphenyl-l, 3-butadiene
iron tricarbonyl hydrochloride 29.
To a solution of the 1, 3-diphenyl-l, 3-butadiene
iron tricarbonyl complex 28 was added 1 ml. concentrated
HC1. The solution turned intense green immediately and
an IR spectrum (Fig. 20) showed the presence of a
different complex which is probably the hydrochloride
of the first. The same difficulties were encountered
in attempts to take a clean NMR spectrum and this complex
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